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(54) RADIO COMMUNICATION EQUIPMENT AND PHASE ROTATION AMOUNT ESTIMATION METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce a phase rotation amount 
estimation error without increasing the phase rotation estimation 
system length in a base band receiving part for adopting a semi- 
synchronization detection system. 

SOLUTION: I and Q signals are sampled with 1/16 interval of a 
symbol period. A frequency offset removing part 305 calculates 
phase rotational amounts between sample points before and 
after each symbol in a phase rotational amount estimation 
system sampled in the optimal timing extracted by a clock 
reproducing circuit 304 and a sample point after one symbol 
period, and estimates the phase rotational amounts for one 
symbol by averaging all the phase rotational amounts. Then, the 
phase rotation of each symbol is corrected based on the 
estimated value. 
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AQ =-Qnextx l0+ Inext^Qo 



*ti5(4ffliEii£S«i^i^?!j*-y-y7';uu tWBSii^ 
m b&(4ffiiEites<&¥±9<b bT 1 >4t;i/<fefc t) oms 

[00 0 1] 
[0 0 0 2] 

[ge*®^'*] jE^. l^^miS • P H S (Personal Han 
dy phone System) m<D^mi^Mm<D^Rtm^. ^ 
>^> ■^OAPA#tt^iaPb•rv^S, dOfeK). 

[0 0 0 3] -eciiTN :*;sao»jwii±«i!^«:'?^o 
setji: Lx. m^mum:^^xtb^ i e q am 

(Quadrature Anplitude Modulation) -^^ ipiaiffit^ 

•So 

[0 0 0 4] Z.Z.X\ tJ6*j;»3fflVAe)tlTV^5f^««J^ 

^:&S;i:bTI±s ilMt^s mmm^im^tixi^^ 

[0 0 0 5] iiffit^tis mmmx'mwm^<b^m\ 

^mmxiimm^'^mi^ia^^&mimt lx i t^y^r^ 

P S K (Quadrature Phase Shift Keying) tuftfns 

mm:^Aizitmhx\^^ifi. mm^itifiML^^ i. e q 
[0 0 0 6] mm^mt. ^mm^^mmm 




[0 0 0 7] c:ne>cD«ra:&s;K:ftt>^Tx 
[0 00 8] asi§i«ES^i!aa®is. Ymn^^ 

R F (Eadio Frequency) ■< — YJ^^y^U^i^^ 

'f i^^;u©-^i!Q!a7'D-try1t(Digital Signal Processe 

r: DSP)^DV7^^7xT{rJ:»3ll;s■t-ts^:^^)^ urn 

JUII^)JttS^o^:l^•5^|J;S*4)-pTV^5„ ::cDJ:d^ip 

t^lBilfS^^fe^&IR^R CS92-122 pp. 37 
- 4 2 r^i^liafSffl 1 6 Q AM/T DMAfej^^ 

[0 0 0 9] WT^ iS*Oip|plW1^;&^OS4l5&3Sffi 

[0 0 10] E9(c:. ^tta«i';^7^A<Di';:^7"A^j5g 

[0 0 11] E^x-rsi^i;, j^i!;i*;a{Si/;^7^A{±. 

*%^2 1 0^ *5J:tJfi^«;S2 2 OiPe)«]E!g?n5o 
[0 0 12] a*fe«2 1 Oj±. '^-;^>'t>K3@HBg|5 2 1 
U '<-;^M>h-§«Si5 2 12. RFa5 2 1 Ztl^hm^ 
^nSo ^1IjB2 2 0{±. -^-;^;N'>h*SlfSa5 2 

2 1. ^-;:^>'Ob-S{tgC2 2 2. RFg|52 2 3 A»5>« 

[0 0 13] ;l©J:o:fe«fiEt:feV^t> attlS2 1 Of 
^*U:t7^-^2 1 4{i-<-;:^yN->K^IMa5 2 1 If^ 
ra^tU RFa52 1 3^&)gTSi^EM'^3iai$ni.. 

[0 0 14] ^Siii2 2 0T-{±iSS6^A»e)iai?>nfc«i«i 

«^SR F6I5 2 2 3 tTS© KSMSC 2 

2 2 CT^ia U 7=-^ 2 2 5 5o 

[0 0 15] CCltN '^-:^>'^>HS«Se2 2 2(i> 0 
1 0CDJ:-5K:fllfiK$tl5. 

[0 0 16] ■r:tet>*.. ->^^V^h-§Ma5 2 2 2{±. « 
a5|6tg§l3 0 U (afflttSttll!^3 0 2. LPF3 0 3. 

D'y^' 11^0^3 0 4, Il?g^:t7-tr5/ Mi^*gP3 0 
5. a5giJS^l£lS&3 0 6. *5J:V#fil5CDli;<'^^J'-f ^ >^ 
oaipi:)&5 7U-AR]Wa5 3 0 7A^?,«fig$n5o 

[0 0 17] ^bT. c:©J;'5*«fig©-^-;^^>'> 
«g|5 2 2 2K:^3V^■r. §{§(8^3 1 OCtt. BSiS^HS 

3 0 i*s^figbfe^igffifi^. m^%mm^'^7c/m 
fflb}te^As«-'^m-ffe>n?)o sas^tsfi-f-, 

M^S: K/m^ bfcM^As^-ff e>nfe 2 ooft^ji. ^ 
o® L p F 3 0 3 ^c^iv^•r 7 -Y u y^^^ 

n> Sfgl «^3 1 U SSQ (ifi^fig 

«^3 1 2i:^5o 
[0 0 18] -^C^. ^'0«;;^S^|5]i^3 0 4ASS«« 




1#ia¥ll-055342 



^3 1 0i)»c,jmabfcS3S^''f ^>^K:J:^)^ iffiS'JS^ 
inKsoefcrsMie^s 1 Is s(iQfi*3 1 2** 

e)«lS©^3 1 3§»5., 

[0 0 19] Clil-C\ «gP^tBi§3 0 icD^fS^ 

[0020]Elllt. c:cDi^)5:^?K^:r7-fe\y his 
^V^Jgkg- (4 0 1) Jli^tgafcr^-b^' biiSSS:©^ (4 
0 2) S(gl(g-it3 1 Is *JJ:tJfSf8Qe^3 1 2 

'>3>fcffiffl[5itei)SfS5feU 4 0 2{c:^-rJ:at, PJjK 

[0 0 2 1] ^^tn J^i^^«fe^s;5i!;r-{±. m^m-y 
bs) <&m^b. ?i^$nfe{4ffliaft§:e«t. 

tf^T^-^ bT3@»[ElteSf^*ff a d i: 13 ct ^ TffitB 
[0 0 2 2] COfctolC. SSfi«!lT'tt. -^W^Ti: 

^5 0 2 i:it{rji«-r5o 0 1 2(c. z.<Dwmmsin 
[0 0 2 3] ^mm-n\-ts y i^-Ai^xasu 307 

tJ^«:aa-r5. 33«a&:t7-fe5/b^*gC3 0 5H:s 7V 

fijtsffl?s^j5 0 ifflj^swHiu iin*sc{affiiHiiK 

[0024] |2113{r. ^:6D(Si*g|l!tefi%Jt^-r 5 «M 

[0 0 2 5] i^T-tt. mij$bfc«i^f^«# 
^mm.^^ CS92-122 pp. 37-42 

i^m^mm 1 e QAM/TDMAeisisii^goM 

[0 0 2 6] ^T. d®j!!LST-{i. ffiffilHIEfiJi^ffllS 
5U5 0 1 tbts RIK8Si:5fctf>0^=— {"Sm^U (ol 

ffibT{i^ii5]te»fs^<&ff^it-^. sfsj^^j^fri^e.^ 
h n bi--t{' r7- KoRjijssipi^Ju i: bT<sffl-r 

[0 0 2 7] 013 ^(Ds ( I i. Qi) Sftm^y^' 
©&*liIiiEfiJi^fflm^J5 0 1 tf©$feliipe. i#g©i' 
>4?;i/{iS®{S^;i^^«bT*3t). (I Si. Qsi) *s 



(4) 



1-055342 



[0 0 2 8] ^X. pSt^5<t-5K:s CCjJtaT-Jis 50. 

mrv 6 0 1 <fc !3> iim\Bim^^MM-&mP^i^. m 
[0 0 2 9] ^VLs sra^n 1? 6 0 3 tzx. ^mmn 

(D i^UCOiyyTf^Jl'&M (lis Qi) omSM&t 

j&sj^-— ^'y-h*®ii'>'^^;^^i^l; (I Sis Qsi) 
©{iiia:^l*t Si (5!ia::/a^/^'6 0 4) ^ M#0 

[0 0 3 0] rit:aLtiibfcOi:lRl«ts SfS?R 

^ycD (i + 1) i'>#;L'Bi:s ^^^-li''?— (i + 
1) iyy^^JUSifi^'^tl^tKDmUMS.tTin^ t si+1 
(5ftS*Ji7'n>;;^ 6 0 6, 4b'<t776 0 7) ^ W 

#oMJ;t) (i + 1) i^y!i'^jmm<Dim 

iHl^Eg) ri+i^^ffi-rs («Ul>^Dvy^7 6 0 8) o 
[0 0 3 1] ^LTri+i*^?>riS:^b?Kc:tK:J;-3 
Ts l'»5}f;H2fflO{itiIeiefiAr^»m-rS (5QS 

1 symbol ^^^^o 

[0 0 3 2] -r&iJ-^s ii'>5n;K :}3<tV (i + l) 
>7}f;i/i D nstiiffltHlftS a r r suMt^inff 

(5!!a:/D>y^6 1 0) s + 1 Sfro CI i: 

tJ:»)»:o$^>;}^;i"^i:5Q!S|S^L/ (ioap^o^^^e 1 
1) . i< (N-1) (D^fi^^mzirWrt (6 1 4) K 

U i!l!a7'D>^^6 0 6A»5)6 1 1 S T-CD5!l3SS^It 

[0 0 3 3]M}Cs i< (N- 1) 0*^^*?ifc^^eV^ 
®^ (6 1 3) tJi. (ftlgEtefilt^ffllS^JCNS/yTK 

(ifflOUgSO-^tl-ffl r SDH* (N - 1 ) T-i!l S d h t J: 
[0 0 3 4] Cl.Oi^fCs {MEilESAr©^ 

[0 0 3 5] 

[^B^Asp^bid fc-rs^] SH^iCi: bTiPlllW 



mm'^^n-r. }:^yhm^mt^itbx\^^oo bt 

mSP<t<{affllEli|£a (^«^:r7-b^y h) 5&Ji^U M 
[0 0 3 6] ^bTs ItCs y'fX®^«4S;^tV^J®-& 

[0 03 7] bA» bs El 1 3 bfctJ^oioar-tt, 
i: bT<g«f ?)^--^ '7- 

-^S' CDeii^*AS{gT bT b S 3 o 

[0 0 3 8] ^z.x. immu wmm^^-^wm 

[0 0 3 9] 

^^Wtts f::i:^«> SfSfS^t;^bTSgB^IS§§^ffl 

^mm^m-x^riX. m^M-^v'zvY^si.mt.. 

ffi bfcia*iiHitea*¥±9<b bT 1 2^ ?) offi^a 

[0 0 4 0] ^ti^y^M^m^xn^-^ti 
!&m^®i^raiapB-eit>7';i/bTBi?)ji*> i(Dm<Dv- 




If M¥l 1-055342 



[0 0 4 1] 

[ 0 0 4 2 ] E 1 1:, 7mmmt^^?>^mmmi^7. 

[0 0 4 3] mmr^^oK:^ i^ftftiafii'j^T^Att, 

1 &L±<D^m 2 1 0 ^ 1 iii±<D^mm 2 2 o e>«fig 

[0 0 4 4] s*»2 1 ott. ^-x^^yY'mm^2 1 

U ^-^^^>h-S«ai5 2 1 2, RFSP2 1 3iHf)«fig 
^n^o ^|^;«2 2 0B:^ '<-;^A>HS|«g|5 2 

2 1. '<-;i>'^>b-SfifiP2 2 2. RFfiP2 2 3A»^,« 

[0 0 4 5] ^:CDJ;^^:«J6g{^4^V^T, a^2 10T- 
^hfc7=—if 2 1 4H:'<-:^A>K3g|«S15 2 1 ll^m 

[0 0 4 6] ^i&B2 2 Ofj±»fl&aA^^3t5)nfcM«a 
a^SRFeB2 2 3{rT§«U '^-:^>'>">HSMSP2 

2 2 KT^SI U 7*— ^ 2 2 5 <fc#So 

[0 0 4 7] ^tt«2 2 0T-|g3febfc7^- 

^2 2 4ii'<-;^>'N->- K3aifSgU2 2 1 flEiB^tV RF 

gP2 2 3 ^mxmus.m^mtii^ti?>o 

[0 0 4 8] S%S2 1 0T'e:^»©2 2 0iP5)jaie.n 
fcfi8«l«^SRFaJ2 1 3tT§MU 
ftfflS 2 1 2 KiXmrn 7='-^' 2 15 Sff 5o 

[0 0 4 9] }H.±<DX^\iC, T^-i'CD^fiSltSIU 

safes 2 1 0 t.i»nm2 2ottmm(Dm^^m^Mm6^ 
tj^m^ti'noc ^z-ds WTT-Ji. mm2 lot^h^ 
W}m2 2 ot7^-^<&3ifii--53©^®«jf^. ^&m2 1 

m2 2 0tf>6^iS}M2 1 OdT^-^'SaiM-rSJ^®* 
iyi6«2 1 OO^gfig©Plfflt:o^^•c^±ii0^^fe'^l^^&t- 

5o 

[0 0 5 0] :iz:ts I2I2K:> ^ibS2 2 0'^-;^m> 

KSfSgP2 2 2®elfi^&?^t-o 

[0 0 5 1] @^-r2><t5t> '<-;^>''^>h-S«a3 2 2 

2{i. m^mmmz o i. ©ffltfeigtisis&a 02. lpf 

3 0 3. i^u^y^w^m^so 4. mmcty-t^i; Vf^ 
*gP3 0 5. mm^m^3 0 ^-ctth'^euoibft^ 

^></0Sipa::fe57u-Aii]a8a53 0 i-b^^mm^ 

[0 0 5 2] -^b-Cs 3<Z)J;-5«c«fRO'<-;^''^>h*S 
{f 2 2 2 H^5V^T^ gftfS^S 1 0 (Cte, ^^JgH 
3 0 lAs^fiScbfc^gP^M®^. ^^tg®^*7r/2^ 

n-€'tl— -CJOLPF 3 0 3K:*5V^■r7-f U 



^) M^3 1 2i::feSo 

[005 3] ^ n -j^n&mm 304 
^3 1 od^^amufcSji^'r mm^ 

(plSS3 0 6t:TS®Ifl-t3 1 1, ^«Qfi^3 12iP 
e.«SI{S^3 1 3^^f So 

[0 0 5 4] d^T'. S5iffibfc«t^{3, a^^tg^SO 

Wc^y-ki^jV) As#ffiU ^K:02©4 0 2T-^bfc<fc 

;S*5jSA^n5:t«)s c:o^ST♦ttiEbv^«l@&^f•5c:i: 

[0 0 5 5] -tClTN KSfSSP 2 2 2CDjS^ 

IS;*- 7 -by H^*a53 0 5{CT, {iffldlEM (Jll?g[|fe:r 

mm^^<Dy'--'$' izM bTMHis^ft^ff a ci i: t J; ^ 

[0 0 5 6] »tt»2 1 oftt. -^mm 

mmmm^mmnb 0 1 ^sr^iz-Atfom^istsicfflK) 

ii^. 7^-^ 5 0 2 i:^tcj@j{gt-5o C:oSK)iia«^©Ji5 

[0 0 5 7] z^x\ ^mmmn^^^r^^x^mt^&m 
[00 5 8] iSLm^$^m&mmnt. s 0 1 c^^n 

5<t^tr IQ¥®f*f:^©2-0©{i^;j^ (QPSK^P 
;?S;o^s (0, 0) i: (1. i) ®;^) ^3£SlchS 

[0 0 5 9] «teKB#ra*^:-:'fc«-&s tiiffilHlteiffi^ 

mmf]<Di. Q®^{±8 0 2. 8 0 3®j:o{c:^^n5 
m?iJT-fe Q . 1 '> >4i;i'mf3{3iffi*s 1 8 0 ASfe-r sit 

D -vi^^-f ^ >^(om&m]t [^X'bmmnsmx^*). 

[0 0 6 0] ^Xs :i0^^i3i&.m^ms.m^mmt:^ 
w-r^i^mm2 2 oo^-;^>'n-> Ks«gi5 2 2 2t-(±. 

7l^-A[5l^g|53 0 7tT> ^Mffi±T- 7 V- Allies 
1^*853 0 5Ji. ^iz-A^'W ^ >^K:S-:5v>Ts 

I Qi{mis^hmu'mf.^mm\z 0 igp^^ttmb. c 
nsscttfflHtes^JtSb. Ji^flttiJfeoTte^iiate 

[0 0 6 1] iUT> CO;a^:r7-fe^y M^*la53 0 5 
T-fTt)n?.CrffltlSfi®it^*J;tJfi4ffilHl«ES®ffliE© 

[0 0 6 2] $-r> E14(C. b^*a53 

0 5o«fig*^^-ro 

[0 0 6 3] HS^-r?) )li^i!t^7-fey hl^Agp 

3 0 5«is LPF 3 0 3A»t>®Ift^3 1 1. Q«^3 1 



III ' 
i * I ' 

[0 0 6 4] DSP7 0 Ettl^getl^^U 7 0 3*(1 
7 0 3t^4^ D SPCDV7 b 'i'lT'SM 

[0 0 6 5] DSP7 0 2tt. 

7 1 Oiix 7l/-A|lima5 3 0 7#^ ttab^l^-A^J' 

«^7 1 OCct t)^ «^l^?iJ®m?)3i*5^l8$&^'f ^ >^ 
:ftSffl*P^n5i:> DSP7 0 2IS. >'N'<y 7 T 7 0 1 
«^nfcA:t(/i^lS^J3 11. 3 12. :feJ;Uf, ^D>;/ 

^'^'f (Sji^-f 7 1 isfl5i?)a^, {St 

[0 0 6 6] CICITN 05C{affl[Hl!KSJt^5aiST'Mffl 

■r 5■y■>7■;^;i^s?^-ro s 5 j±ffiffiieites«i^ffliR?iJ i 
«^58 0 2K-ov^-r, ffiffldteSctBi^fcMffl-rs-y-yT' 

§s <j'D^i;^'S^laiieS3 0 4ic:<tot:§««^3 1 oi 

*rjss-rsiSi (9 0 1) i:> ■?osti^o-y->7";i/fl^ (9 0 
2, 9 0 3) ©fi-3{i©-y->7';i'ja$rffifflu -teffliate 

M«l^<feffdo cic:t-J±, IM^3 1 lifi. 1/1 6i> 
>4?;vHPSt-9->:7'U>i^$ti>'^^/77 7 0 itr^&i^^ 
tiTv^siioii-rSo Q3 1 2<g^{c:ov^-rt,pi«ir'fe 

[ 0 0 6 7 ] T-ji. E 6 i^iULm^mmmmmoam^ 

[0 0 6 8] ia^1-i>J:oC. cicD5ra-e{S:> 

1 0 1 i ^)&nmmm^^mtiths MiSv^d i 
0 2icx<£^mtiL^^(Dmm^noo (aisum> ^ 
qsum) ^^>-!f^}^!^x<Dmmst^iQmm^^X' 

[0 0 6 9] ^bTs ^imn^o^msmmmm^m^ 
tovyyjvm (D^mm^ (Io^ Qo) > *5J:t;^2i' 

61)->yjUS) OSffl/i^ (Il6^ Ql6) 'tt). li^> 

^#.ff^StT»ai1-5 (SOa^O'V^^ 1 0 3) o 
[ 0 0 7 0 ] SI 3 cDffitilHlfefflJi^lR^J-C-{±s 1 -> 

(AI. AQ) SjftBT-tSo 
[0 0 7 1] 




#18^11-055342 



AI =-Il6X iQ-Qie^Qo 

AQ =-Qi6X l0+ II6XQ0 

ikiz. SM^-f 5. y^/d^?) l■y■>7";^SiJO^^t•ov^T•fo 

p]«tciil[ffi|elte«^S[mt-5 (iOS^D^y^ 10 5). 

EP-^, i'»7j?;i/B, *J;V2'»5}f;i/S6DSiii5''f 5 

>^cD^tL^^xifimi©-y->7";i';i^ (- l1f>>^;bB> *3 

j:yfi sD-yyjum A^e. ii>'>5j^;HK^ (i 6-y->:5' 

[0 0 7 2] |?i^{ciS'>7jt;i/e, :feJ;tJt2^'>4^;i'g 

■y-VT";!/!. *5J:Ufi 7-y->7';i/@) A^?) ii>>#;nz 
K (1 6-y->7*;n2H) ©{4ffl!ife»&^m-r5 (.am 

1 0 7) o 

[00 7 3] ^ UTs tti^tl/feft 3 ;SO{ir^|lH]fefi<& 

^ti^ti (AIs^JM^ A Qsum) i^^'^ hMan-ti iHS- 

myuy^ 10 4, 1 0 6, 1 0 8), 
[0074] i<r-i + l:tff^:i}ltZXt)9l<Diy 

yiT^JV^tWiM^^V iSBM-yo ^if ^ 10 9), iBllitC 

mmmn^m^i 50102 -y>7r^)uuti>^ 3 i^>^ 

fflOteS, "N 3 li'>3lf;i/ai)>e)3 2ix'>;Jf;wBK:o 

v^T%, {£rtaiH]te»*3{@-rojiiii»ai-r?.. s^t, 

(3 1x3) ffl©teffli5]tes<gr-4^ YMun-htzmmx- 
(AisuM> A Qsum) ^lEmiht^^Ltiz^ij^m 

&.mm^m (Allgynbol, AQlgymbol) (1 1 

3) o 

[0 0 7 5] *UT> ^ti^msmmBm^mii-r^o 

[0 0 7 6] tjiis. }iJ.±0^X'ii. m.Mm:kt.f3i^V 

yy;i'^. ^(DmW:(Dvyyji'!^(D^^WLmmummm 
m^)^(Dit^ifi*) 100 2AS|iib-efe-3T4), imm(ox 

(feE) y-YXOie^l 0 0 2li 

ffitiigg 10 0 1 ic^L/-rfflM6<jic/J\$ < 'S; t), jS»ti-if 

nj^{tj£cDti->7';i/jS (:&EI) "ett, y-fXO^WlO 
0 2 ttffiffllfllte 1001 tMUTffl^tWK::*:^ < tcSfc 
titSft:*cOjS (^D5;^H^[aE&T-S^$nfc^'f 

Mi±'J^^<, j^lz-^V!^Hi5.(DD^yyj^!^Xit.mM1fiX 

[0 0 7 7] u*u -^m<Dmm-^m5^mm^m^ 
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